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To clarify the regulatory mechanism of skin pigmentation 
through epidermal proliferation and differentiation, organ 
cultures of pigmented guinea pig skins have been studied for 
their melanogenic responses to exogenous stimuli. Melano-
genic activity was measured by both tyrosinase activity as- ' 
sessed by observing release oPH20 from tissue after incuba-
tion with 3H-tyrosine and melanin synthesis, indicated by the 
incorporation of 14C-2-thiouracil into tissue. Those skin ex-
plants that were maintained in serum-free media under air 
conditions equilibrated with 5% CO2, 50% O 2, and 45% N2 
formed new, chemically analyzable pigment in the tissue 
within 4 d of culture. This melanization was accompanied by 
an increased number of melanocytes as well as by enhanced 
tyrosinase activity and elevated melanin synthesis . This 
organ culture system responded well to known tyrosinase 
inhibitors such asrhenylthiourea, which decreased melano-
genic activity. 0 the arachidonic acid metabolites tested, 
Skin color is maintained by the constant presence of mela-nin in the epidermis. In the normal steady state, the mass of melanin within the epidermis is well regulated by a constant rate of production by melanocytes and by degra-dation by keratinocytes through the keratinization pro-
cess. Melanin synthesis within melanocytes is genetically controlled 
by the activity of the key enzyme tyrosinase [1,2], which is generally 
thought to parallel the amount of melanin produced [3,4]. Upon 
stimulation such as ultraviolet (UV) irradiation [5 - 8] or allergic 
contact dermatitis [9], melanocytes increase in number, overpro-
duce the melanin polymer, and transfer it through their dendrites to 
Manuscript received January 29, 1992; accepted for publication October 
6,1992. 
Reprint request to: Dr. Genji Imokawa, Tochigi Research Laboratories, 
Kao Corporation, 2606 Akabane, Ichikai-machi, Haga, Tochigi 321-34 
Japan. 
Abbreviations: 
db-cAMP: dibutyryl cyclic adenosine monophosphate 
Dopa: dihydroxyphenylalanine 
FCS: fetal calf serum 
FGF: fibroblast growth factor 
IL: interleukin 
L T: leukotriene 
MEM: minimum essential medium 
PH: phosphate buffer 
PG: prostaglandin 
PHTU: phenylthiourea 
PTCA: pyrrole-2.3.5-tricarboxylic acid 
PUV A: 8-methoxypsoralen + UV A 
TCA: trichloro-carboxylic acid 
TGF: transforming growth factor 
UV: ultraviolet 
PGE2, LTC4 , L TB4 , and S-HETE were found to signifi-
cantly stimulate melanogenic activity as indicated by tyrosin-
ase activity, whereas PGF2-alpha, 12-HETE, and lS-HETE ~id ?ot. Amo~g several known growth factors, only bFGF 
slgmficantly stimulated melanogenesis in the organ cultured 
melano~ytes. T?F-alp~a, which increased DNA synthesis, 
had a shghtly .stll~ul~t~ng effect on melanogenesis, whereas 
TGF beta, whlCh mhlblted DNA synthesis, did not stimulate 
melanogenesis, but rather slightly decreased it. 8-
methoxypsoralen + ultraviolet A - treated skin that under-
went a marked pigmentation within 14 d in lIillo demon-
~trated enl~anced .m~lan?ge~esis in t~e organ culture system 
111 propor~lOn to lt~ In 111110 plgmen~atlOn. Our organ culture 
system might provide an opportumty to examine the mecha-
nism of action of epidermal melanization. ] Inllest Dermatol 
100:47-54,1993 
surrounding epidermal cells, resulting in cutaneous hyperpigmen-
tation. The mechanisms underlying the epidermal hyperpigmenta-
tion caused by several inflammations are thought to be associated 
primarily with th~ pro!iferation and differentiation of melanocytes 
[5 - 7]. However, httle IS known about the factors responsible for the 
hyperpigmentation that frequently occurs after UVB, 8-
methoxyps~ralen + UV A (PUV A) , ~r UVA exposures [5,6] . Re-
cently, studies have shown that keratlllocytes make a large contri-
bution to t~e proliferation or differentiation of melanocytes 
through mediators such as growth factors [10,11] or prostaglandins 
(PG) [12 - 14]. However, there is little evidence to suggest the mode 
of action of epidermal melanogenic stimulation because there is no 
suitable in vitro system to examine the process of hyper pigmentation 
in the ep~dermal uni~. Such an in vitro system might provide an 
opportumty to examllle the process of hyperpigmentation under 
conditions of experimental interest that would be impossible in vivo. 
We describe here. an organ. culture model that appears to maintain 
stimulated melanlll formation that can be easily detected by skin-
color ~hange as well as by biochemical activities related to melano-
genesIs. 
MATERIALS AND METHODS 
Materials [3H]dThd ([methyPH] dThd, 2 Ci/mmol) and [3H]ty_ 
rosine (1-[3,5-3H]tyrosine. 40-60 ci/mmol) were purchased from 
N~w E~gland .Nuclear (Boston,. MA). (14C] thiouracil ([2_14C] 
thIOuraCil, 2 Cljmmol) was obtamed from Muromachi Chemical 
Co. (Tokyo, Jaran). Hydrocortisone, 8-methoxypsoralen (8-
MOP). phenyltluourea (PHTU), al~ha-melanocyte-stimulating 
hormone (alpha-MSH), dibutyryl cychc adenosine monophosphate 
(db-cAMP), and human epidermal growth factor were purchased 
from Sigma Chemical Co. (St. Louis, MO). PGE2 , PGF-2alpha, 
0022-202X/93/S06.00 Copyright © 1993 by The Society for Investigative Dermatology. Inc. 
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Figure 1. Correlation between nmol ofhydroxylated ryrosine and incorpo-
rated I'C-thiouracil in skin organ culture and B-16 melanoma cells. Assays 
were carried our for 4 d and 6 h, respectively, under several conditions of 
skin organ culture and B-16 melanoma cell culture. 
A . 
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leukotriene (LT)C4 , LTB4 , 5-HETE, 12-HETE, and 15-HETE 
were obtained from Cayman Chemical (Ann Arbor, Michigan). 
Human growth factors including platelet-derived growth factor 
(PDGF), transforming growth factor (TGF)-alpha, and TGF-beta 
were purchased from Biomedical Technologies Inc. (Stoughton, 
MA). Human recombinant basic fibroblast growth factor (FGF) was 
obtained from Boehringer Mannheim Biochemicals (MannheiOl, 
Germany) . Human IL-1 and recombinant IL-6 were obtained from 
Wako Chemical Co. (Tokyo, Japan). 
Preparation of Ex plants Organ cultures of guinea pig skin were 
established from a tortoiseshell guinea pig weighing 200 g. Flank 
skin was removed with a keratotome that excluded the hair bulb. 
Discs were taken from each skin sample with a 3-mm-dia111eter 
biopsy punch. The discs were washed in Eagle's minimum essential 
medium (MEM) (Grand Island Biological Co., Grand Island, NY) 
containing 50.ugjml chloramphenicol, then put in a diffusion 
chamber composed of a milipore filter with a 0.22-.um pore size. 
This assembly was placed in a culture tube containing 2 ml of nu-
trient medium (see below). This tube was rotated at 37°C and 
15 rpm under the air conditions equilibrated with 5% COz, 50% 
Oz, and 45% N z· 
PUV A Treatme.nt The animals received 4.2 mgjkg body 
weight of8-MOP 111 30% ethanol intraperitoneally. Thirty minutes 
B e for e CuI t u ·r e 37"<: (-FCS) 
Figure 2. A) The appearance of pigmentation 
after 4 d of skin organ culture in comparison 
with non-culture. B) Hematoxylin and eosin 
section of organ cultured skin after 4 d. 
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after administration, they were exposed for 5 min to UV A of 3.1 
mW jcm2 at 365 nm (1 MPD = 3.5 j/cm2), emitted from Toshiba 
FL20BLB lamps. Degrees of pigmentation were evaluated accord-
ing to the following scale: - , no reaction; ±, minimal visible pig-
mentation; +, moderate pigmentation; ++, intense, deep pigmen-
tation. 
Nutrient Medium The nutrient medium was prepared from 
Eagle's MEM containing 4 mM glutamine, 100 units/ml penicillin, 
100 ,ug/ml streptomycin, and 20 mM Hepes (pH 7.3). In addition, 
the medium was supplemented with hydrocortisone (0.4 ,ug/ml) 
and epidermal growth factor (1 ng/ml). 
Tyrosinase Activity Tyrosinase activity was assayed according 
to the method of Oikawa et at [15]. Briefly, 3H-tyrosine was added 
to the medium at a concentration of 1 ,/.lCi/ml throughout the · 
period of organ culture. After culture, 200,/.l1 of medium was as-
sayed for release of 3H20, after removing non-reacted 3H-tyrosine 
through three cycles of absorption into activated charcoal. The 
quantity of hydroxylated tyrosine was calculated from the ratio of 
the released 3H20 (dpm) to the added 3H-tyrosine (dpm) for the 
total amount of tyrosine present in the medium. In addition, the 
incorporation of 14C-thiouracil into skin tissue was measured as 
another indicator of tyrosinase activity [16-18]' Thus, 0.5 ,/.lCi of 
14C-thiouracil was added to the medium throughout organ culture 
and the amount incorporated was measured after washing with an 
excess of unlabeled thiouracil in phosphate buffer (0.1 M, pH 7.4) 
for 24 h, followed by three washes with 5% trichloroacetic acid 
(TCA), solubilization of skin tissue with 2 N NaOH, and neutral-
ization with 2 N HCI. 
Histochemical Procedures Discs of skin were rinsed in 0.1 M 
phosphate buffer (ph 6.8) and incubated in 1 M sodium bromide for 
5 h at 37 °C. The epidermal sheets separated from the dermis were 
fixed in 10% cold neutral formalin for 30 min, washed twice with 
0.1 M phosphate buffer (pH 6.8), and incubated in 0.1% dihy-
droxy-phenylalanin (Dopa) in 0.1 M phosphate buffer (pH 6.8) for 
5 h. In some cases, the epidermal sheets were further stained by the 
Fontana-Masson silver method. The number of melanocytes per 
square milimeter was counted using an Olympus-BHA microscope 
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Figure 3. Chemical analysis of eumelanin (PTCA) after 4 d of skin organ 
culture. The data are expressed as mean ± SD of triplicate determinations. 
• p < 0.05. 
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Figure 4. The increase in Dopa-positive melanocytes after 3 d of organ 
culture. 
at a magnification of X 200. In each specimen, the number of mela-
nocytes was calculated by averaging the numbers found in 50 - 100 
fields. 
Quantitative Analysis of Melanin Melanin amounts were ana-
lyzed by Ito's method [19] for eumelanin (PTCA) and expressed as 
ng/mg wet skin tissue. 
Incorporation oPH-TdR DNA synthesis in skin slices was as-
sayed by measuring the incorporation oPH-T dR. 3H_ T dR (1 ,/.lCi/ 
ml) was added to the organ culture for the indicated periods. After 
incubation, the skin slices were washed three times with cold 
Han~s' balanced so~ution, and. 5% cold ~CA was added twice every 
10 mill. The TCA-ll1soluble tissue was dissolved in 2 N NaOH and 
neutralized with 2 N HCI. The radioactivity was counted in a liq-
uid-scintillation spectrometer. 
RESULTS 
To confirm the reliability of the incorporation of 14C-thiouracil as 
an indicator for melanin synthesis, we compared the extent of its 
incorporation with the amount of tyrosine hydroxylated (calculated 
from the release of 3H20) at various stages of organ culture. The 
incorporation of 14C-thiouracil was found to occur in parallel with 
the hydroxylation of tyrosine, with a relation coefficient of 0.905 
(Fig 1). This indicated that the incorporation of 14C-thiouracil is a 
useful indicator of melanin synthesis. 
Skin ex.plants maintained in a serum-free medium containing 
hydrocortisone and EGF showed newly formed pigment within 4 d 
of culture (Fig 2). Chemical analysis of melanin (Fig 3) demon-
strated that there was about a twofold increase in eumelanin 
(PTCA) in cultured tissue as compared to the level before culture. 
The stimulating effect on melanin synthesis disappeared in the pres-
ence of 20% fetal calf serum (FCS). Dopa and Fontana-Masson 
silver histoch~mistry of.split epidermis showed that Dopa-positive 
melanocytes ll1creased 111 number twofold during the period of 
organ cultur~ (Fi~ 4), the melanocytes had a round appearance, and 
much melal11~ pigment was transferred to keratinocytes (Fig 5). 
DNA syntheSIS, as demo~strated by thymidine incorporation into 
organ cultu~ed skm, contll1ued to occur until at least day 7 of cul-
ture. Melanm syntheSIS as measured by 14C-thiouracil incorporation 
appeared to proceed for? d ~f culture, parallel to DNA synthesis 
(Fig 6). To examllle the lllhlbltOry effect of tyrosinase inhibitors on 
this melanogenic stimulation, phenylthiourea was tested at 0.1 mM 
concentrations and was found to exhibit a significant inhibitory 
effect on melanogenesis, as measured by both the quantity of tyro-
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Figure S. Dopa and Fontana-Masson silver his-
tochemistry of split epidermis after 3 d of organ 
culture. A) O-d culture. B) 3-d culture. 
sine hydroxylated and the extent of incorporation of 14C-thiouracil 
(Fig 7). . 
We evaluated the stimulatory effects of exogenous materials and 
found that of arachidonic acid metabolites, including prostaglan-
dins and leucotrienes, PGE2 , at a concentration of 1.0 mM, signifi-
cantly stimulated melanogenic activity in comparison with control 
culture as indicated by tyrosine hydroxylation or thiouracil incorpo-
ration (Fig 8) . Furthermore, the additio~ of L-:r~4' LTB4 , and 5-
HETE significantly increased melanogemc activity as measured by 
both melanogenic assays, whereas PGF2-alpha, 12-HETE, and 15-
HETE did not show any stimulatory effect (Fig 9). Among several 
known growth factors, such as bFGF, PDGF, interleukin (IL)-1, 
and IL-6, only bFGF stimulated melanogenesis in the organ cul-
tured melanocytes, but the addition of db-cAMP abrogated this 
stimulatory effect (Fig 10). Under these organ culture conditions, 
TGF-alpha and TGF-beta were effective in significantly increasing 
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or decreasing DNA synthesis, respectively (Fig 11). Under the same 
organ culture conditions, TGF-alpha was found to increase slightly 
tyrosinase activity at an optimal concentration of 10 ng/ml, 
whereas TGF-beta did not stimulate melanogenesis, but rather de· 
creased it (Fig 12). When PUVA-treated skin was cultured several 
days post-exposure, melanin synthesis as indicated by thiouracil 
incorporation was significantly stimulated, corresponding to the 
degree of in vivo pigmentation (Fig 13). The stimulated melanogen. 
esis was further significantly enhanced or inllibited by additions of 
PGE2 and PHTU, respectively. 
DISCUSSION 
Melanocytes are cells that produce and secrete melanin granules into 
keratinocytes, thereby controlling the quantity of melanin witlliu 
the epidermis. Control mechanisms of integumental melanization 
have been a key interest of many investigators; however, the mecha. 
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nism of hyperpigmentation that frequently occurs after UVB or 
UV A irradiation remains unclear, as do phototoxic reactions, for 
example, to PUVA treatment [5,7]. Research on the mechanism of 
h yperpigmentation has focused on the behavior of cultured melano-
cytes in the. pres~nce of several. stim~lants. This mechanism has bee.n 
ascribed pnmanly to the proliferation of melanocytes [8] and their 
concomitant or subsequent differentiation, induced by eicosanoids 
released from keratinocytes during the process of inflammation 
[12,13] . 
The present study demonstrated that organ cultured skin is capa-
ble df continuing or stimulating melanin production, accompanied 
by an increased number of melanocytes and enhanced tyrosinase 
activity. This melanogenesis was significantly enhanced in the 
organ culture of PUV A-treated skin, corresponding to the time 
course of ir, vivo pigmentation. All melanogenic stimulation was 
suppr.essed by the concomitant. ~ddition of the speci~c ty~osinase 
inhibitor, PHTU [20]. The additIOn ofFCS markedly mhlblted the 
stimulated melanization, and eventually resulted in normal levels of 
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Figure 7. Inhibitory effect of PHTU on the melanogenesis of organ cul-
tured skin as measured by nmol of ryrosine hydroxylated and "C-thiouracil 
incorporation over 4 d of culture. The data are expressed as mean ± SO of 
triplicate determinations . •• p < 0.01; .p < 0.05 as compared to MEM (me-
dium control). 
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7 
Figure 6. DNA synthesis and I'C-thiouracil in-
corporation during 7 d of organ culture. Cumula-
tively incorporated ractioisotopes were counted in 
the indicated days after the onset of skin organ 
culture. The data are expressed as mean ± so of 
triplicate determinations. 
Days 
~elanin in the ~kin. ~his .o~servation suggests that serum plays an 
Important role m mamtammg the normal level of melanization, 
either through the acti.ons of tyrosinase inhibitors in serum [21] or 
by unknown mechanisms. Thus, the melanogenic responses of 
org.an cultured ski.n iI?-dicate that, because of the long period of 
mamtenance of skm tissue, the present organ culture system is a 
reliable epidermal unit for evaluation of the melanogenic control 
mechanisms underlying skin pigmentation homeostasis, as well as 
hyper- or hypopigmentation processes. 
Recently, several endogenous soluble factors have been impli-
cated in UV -mediated hyperpigmentation as well as in the normal 
maintenance of skin color [10,11]. PGE2 has been shown to be an 
important endogenous stimulant in UV-induced post-inflamma-
tory ?~perpigmentation [1~,13]. T.here ~ave been many reports 
descnbmg.the role of~~E2 m the sti~UlatlOn of melanogenesis. In 
those studies, the addition of PGE2 mto several in vivo or in vitro 
systems was found to stimulate melanogenic activity [12,14]. An 
important feature of the organ culture system discussed here is that, 
of the arachidonic metabolites tested, the addition ofPGE2 produces · 
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Figure 8. Melanogenic stimulation by PGEz in organ cultured skin as mea-
sured by nmol of ryrosine hydroxylated and 14C-thiouracil incorporation 
o~er 4 d of culture. The data are expressed as mean ± SO of triplicate deter-
mmatlOl1s. "p < 0.01 as compared to MEM. 
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a marked stimulatory effect on melanin synthesis, as revealed by 
increased incorporation of thiouracil as well as by the release of 
3H20. However, this stimulation is observed at much higher con-
centrations than those under physiologic skin conditions. The r~­
quirement for high PGE2 concentrations to elicit melanogenic actI-
vation may be because, in this organ culture system, it is difficult for 
exogenous PGE2 to reach melanocytes, due to the abundance of 
surrounding cells with prostaglandin receptors that interrupt the 
passage of prostaglandins. Because PGE2 is synthesized mainly ill 
keratinocytes under normal or stimulated skin conditions, keratino-
cytes can be considered an essential control unit for the melanogen-
esis of melanocytes in epidermis. As well as PGE2 , lipoxygenase 
products such as L TB2 , L TC4 , and 5-HETE were also found to 
stimulate epidermal melanogenesis in our organ culture system. 
This is in agreement with a recent report that L TC4 is a mitogen for 
human melanocytes even in the absence ofTPA [22]. 
Another mechanism of keratinocytes for controlling melanogen-
esis is suggested to be through the secretion of growth factors. 
Halaban et at [10] reported that human melanocytes are considerably 
stimulated to proliferate in the absence of phorbol ester by cell 
extracts from proliferating keratinocytes. This effect is abolished by 
concomitant addition of antibody against bFGF. In contrast, Gor-
don et at [11] demonstrated no role for bFGF in melanocyte prolifer-
ation by showing no neutralization of the conditioned medium 
produced by keratinocytes by anti-bFGF antibody. Our experiment 
with bFGF demonstrated that bFGF can act 011 organ cultured mel a-
nocytes to stimulate melanogenesis, thus suggesting an important 
role for bFGF in the proliferation as well as in the melanogenesis of 
melanocytes. In contrast to Halaban's results using pure melanocyte 
cultures [10], the addition of db-cAMP cancelled the stimulating 
effect, indicating that db-cAMP may also produce cellular reaction 
in keratinocytes that abrogate the action ofbFGF on melanocytes. 
Physiologic melanogenic stimuli such as sun exposure are known 
to induce the secretion ofIL-l [23,24] and IL-6 [25], and to increase 
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the proliferation of epidermal cells. Rapidly proliferating keratino-
ytes are found to produce higher levels of growth factors such as ~FGF [10] and TGF alpha [26,27] than do stratifyi~g keratinocy.tes. 
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14C-thiouracil incorporation over 4 d of culture. In tIllS experiment, EGF 
was eliminated from the organ culture medIUm. The data are expressed as 
mean ± SD of triplicate determinations. 'p < 0.05 as compared to MEM. 
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Figure 13. Melanogenic stimulation in the organ culture ofPUVA-treated 
skin corresponding to their it' vivo pigmentation process. The data are ex-
pressed as mean ± SD of triplicate determinations. "p < 0.01; 'p < 0.05 as 
compared to MEM ofNON-PUVA: " p < O.Ol; ·p < 0.05 as compared to 
corresponding MEM. 
stimulate melanocytes in a paracrinic manner. Our results using 
TGF-alpha and TGF-beta suggest that epidermal growth stimula-
tion and inhibition influence epidermal melanization. However, 
the precise mechanism underlying the stimulation or inhibition of 
melanogenesis by epidermal growth factors will remain unclear 
until a time-course study using a shorter assay time has been per-
formed. 
In conclusion, the data presented here demonstrate the role of the 
epidermal unit in cutaneous pigment~tio~l tl:rough th~ recognition 
of melanogenic responses to several I11tnnslC factors In organ cul-
tured skin. Ongoing studies to characterize the behavior of melano-
cytes within the epidermal unit should p.rovide a better understand-
ing of the regulatory mechanisms of epidermal melanization. 
We wish (0 tha"k Mrs. Kobayashi a"d Mr. Takagiforexcellent technical assistance. 
REFERENCES 
1. Pawelek JM, Korner AM: The biosynthesis of mammalian melanin. 
Am Sci 70:136-145,1982 
2. Lerner AB, Fitzpatrick TB: Biochemistry of melanin formation. Phy-
siol Rev 30:91-126,1950 
3. Hearing VJ, Ekel TM: A comparison of tyrosine hydroxylation and 
melanin formation. BiochemJ 157:549-557, 1976 
4. Iwata M, Corn T , Iwata S, Everett MA, Fuller BB: The relationship 
between tyrosinase activity and skin color in human foreskins. J 
Invest DermatoI95:9-15, 1990 
5. Imokawa G, Kawai M, Mishima Y, Motegi I: Differential analysis of 
experimental hypermelanosis induced by UVB, PUV A and allergic 
contact dermatitis using brownish guinea pig model. Arch Dermatol 
Res 278:352 - 362, 1986 
6. Blog FB, Szabo G: The effects of psoralen and UV A (PUV A) on 
epidermal melanocytes of the tail in CS7 BL mice. J Invest Dermatol 
73:533-537,1979 
7. Jimbow K, Uesugi T: New melanogenesis and photobiological process 
in activation and proliferation of precursor melanocytes after UV 
exposure: ultrastructural differentiation of precursor melanocytes 
from Langerhans cells. J Invest Dermatol 78: 1 08 -115, 1982 
8. Erickson KL, Montagna W: The induction of melanogenesis by ultra-
violet light in the pigmentary system of rhesus monkeys. J Invest 
Dermatol 65:279 - 284, 1975 
9. Imokawa G, Kawai M: Differential hypermelanosis induced by aller-
gic contact dermatitis . J Invest Dermatol 89:540 - 546, 1987 
54 IMOKAWA AND MOTEGI 
10. Halaban R, Langdon R, Birchall N, Cuono C, Baurd A, Scott G, 
Moellmann G, McGuire J: Basic fibroblast growth factor from 
human keratinocytes is a natural mitogen for melanocytes. J Cell 
BioI 107:1611-1619, 1988 
11. Gordon PR, Mansur CP, Gilchrest BA: Regulation of human melano-
cyte growth, dendricity, and melanization by keratinocyte derived 
factors. J Invest Oermatol 92:565 - 572, 1989 
12. Nordlund JJ, Collins CE, Rheins LA: Prostaglandin E2 and O2 but not 
MSH stimulate the proliferation of pigment cells in the pinnal epi-
dermis of the DBA2 mouse. J Invest Oermatol 86:433-437, 1986 
13. Imokawa G, Tejima T: A possible role of prostaglandins in PUVA-in-
duced inflammation: implication by organ cu1tured skin. J Invest 
Oermatol 92:296-300, 1989 
14. Tomita Y. Owamoto M. Masuda T. Tagami H: Stimulatory effect of 
prostaglandin E2 on the configuration of normal human melano-
cytes in vitro. J Invest DermatoI89:299-301, 1987 
15. Oikawa A, Nakayasu M, Nohara M, Tchen T : Fate of L-[3,5-l H) 
tyrosine in cell-free extracts and tissue cultures of melanoma cells: a 
new assay method for tyrosinase in living cells. Arch Biochem 
Biophys 148:548-557,1972 
16. Farishian RA, Whittaker JR: Phenylalanin lowers melanin synthesis in 
mammalian melanocytes by reducing tyrosine uptake: implications 
for pigment reduction in pheylketonuria. 1 Invest Dermatol 74:85-
89.1980 
17. Whittaker JR: Biosynthesis of a thiouracil pheomelanin in embryonic 
pigment cells exposed to thiouracil. J Bioi Chern 246:6217 - 6226, 
1971 
18. Yada Y, Higuchi K, Imokawa G: The effect of endothelin on signal 
transduction and proliferation of human melanocytes. J BioI Chem 
266:1 8352-18357. 1991 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
Ito S, Fijita K: Microanalysis of eumelanin and pheomelanin in hair 
and melanomas by chemical degradation and liquid chromatogra-
phy. Anal Biochem 144:527 -536, 1985 
Laskin JD. Paccinini LA: Tyrosinase isozyme heterogeneity in differ-
entiating B16/C3 melanoma. J BioI Chern 261:16626 - 16635, 
1986 
Legramd JC, Gonnard P, Grupper C: Anti-tyrosinase activity of the 
blood of patients with malignant melanoma; study with the aid of 
Warburg's apparatus. Bull Soc Fr Dermatol SyphiI68:26-28, 1961 
Morelli JG, Yohn 1J, Lyons MB, Murphy RC, Norris OA: Leuko-
tricnes C. and D, as potent mitogens for cultured human neonatal 
melanocytes. J Invest Dermato! 93:719-722, 1989 
Havser C: Interleukin-1 is present in normal human epidem1is. J Im-
muno! 136:3317 - 3323, 1986 
Gahring L. Baltz M, Pepys MB, Daynes R: Effect of ultraviolet radia-
tion on production of epidermal thymocyte-activating factor linter-
leukin 1 in vivo and in vitro. Proc Nat! Acad Sci USA 81:1198-
1202, 1984 
Kirnbauer R. Kock A, Krutmann J, Schwarz T, Urbanski A, Luger T A: 
Different effects of UV A and UVB irradiation on epidermal cell 
IL-6 expression and release (abstr). J Invest Oermatol 92:459, 1989 
Bascom CC, Sipes NJ, Coffey RJ, Moses HL: Regulation of epithelial 
cell proliferation by transforming growth factors. 1 Cell Biochem 
39:56-66,1989 
Coffey RJ, Oerynck R, Wilcox IN, Bringman GL, Goustin AS, Moses 
HL, Pittelkow MR: Production and auto-induction of transforming 
growth factor-alpha in human kcratinocytes. Nature 328:817 - 820, 
1987 
